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ABSTRACT 


The relation between static stability of the atmosphere and wave length of flow patterns is investigated for two 
sets of data: (1) Northern Hemispheric charts for a 10-day period, December 26, 1952—January 4, 1953 and (2) United 
States charts for February 15-June 1, 1953. Results for the first set of data appear to indicate a dynamically signifi- 
cant relation between the wave length at 500 mb. and the ratio of square root of mean stability to mean Coriolis 


parameter. 
bility in forecasting. 


INTRODUCTION 


The purpose of this investigation is to study the rela- 
tion between static stability and the dimensions of the 
fow patterns. Such an investigation is suggested by the 
occurrence of the important ratio, square root of the 
stability over Coriolis parameter, in the theory of certain 
ttmospheric models in which vertical motion is allowed. 
For example, in the so-celled 2% dimensional model 
described by Eliassen [1] and related models discussed by 
Eady [2, 3] and others, the wave length L, corresponding 
0 maximal growth rate of a disturbance is found to be 
expressed by 


L,= f-! (1) 


where K is a constant (dimensional), f is the Coriolis 


‘The research reported was made possible through sponsorship extended by the Geo- 
Research Directorate of the Air Force Cambridge Research Center 
. = accomplished while on temporary duty in the Weather Forecasting Research 
enter, 
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Over the United States, this relationship does not appear to be sufficiently strong to be of direct applica- 


parameter, and S,, the static stability in the infinitesimal 
layer, is given by 


S,=g (ne) (2) 


where @ is the potential temperature. Instead of local 
lapse rates, it is convenient to measure the mean stebility, 
S, in a layer of appreciable thickness between two isobaric 
layers. It can be shown that for all practical purposes 
one may take S; as proportional to S if 


S= T,—% (3) 


where 7’, is the temperature at the top of the layer con- 
sidered and @, is the temperature which a parcel of air 
at the base of the layer would attain if it were lifted dry- 
adiabatically to the top of the layer. For example the 
layer 850-500 mb. might be studied using the 850-mb. 
temperature to compute @, and the 500-mb. temperature 
as T’,. 
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FiGuRE 1.—Stability lines (broken, in °C) and contour lines (solid) for 500-mb. surface, 0300 Gmt, December 31, 1952. 


SELECTION OF DATA 


The first set of data studied was obtained from maps 
covering a 10-day period which was chosen at random. 
This period, December 26, 1952, to January 4, 1953, was 
chosen principally because carefully analyzed Northern 
Hemisphere charts, produced at the Weather Forecasting 
Research Center, were available for the period. These 
charts were used to compile data on the hemispherical 
aspects of stability. In addition, the period February 15 
to June 1, 1953, was chosen for a repetition of the investi- 
gation, using only the synoptic data for the part of North 
America which has a dense network of sounding stations. 
The first set of data contained 97 individual waves whose 


lengths were correlated with the stability, and the second 7 
set of data contained 51 such waves. 


STABILITY AND WAVES 


Waves were selected on the 500-mb. chart and were Jv 
identified by a defining contour which was the portion of J 


the actual 500-mb. contour whose physical form best | 

represented the wave selected. To avoid the inclusion of ; 

@ wave more than once, to eliminate the effects of ground | 

inversions, and otherwise to facilitate the investigation, 

the following criteria for selection of cases were developed: 

(1) The axes of the wave troughs and wedges must be | 
oriented along meridians or nearly so. 
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2) The amplitude of the wave must be small so that it is 
permissible to use a mean value of the Coriolis 
parameter in the computation of S* f-'. 

3) Only one defining contour may be used for any given 
wave, and a situation in which a contour defines 
more than one wave is preferable (i. e., wherever 
possible two adjacent waves were included in the 
data). 


7 (4) Semipermanent long wavesare to be excluded since their 


amplitudes are usually large and their frequency such 
that they unduly weight the statistics. Further, long 
waves are theoretically controlled by distant and 
broad-scale effects. 

(5) Waves are not to be selected from regions where it is 
impossible to correct for the effect of surface inver- 
sions on the 850-mb. temperature. (It is clear from 
equation (3) that if this temperature is not representa- 
tive the stability value computed from it cannot be 
either.) 

Some examples of the waves selected are indicated by 


9 the arrows in figure 1. 


Using equation (3) and considering the layer 850 mb. to 


4 300 mb., stability values were computed at each of about 
4 points (the exact number depending on the length of 
7 the particular wave) within an area of 5° of latitude either 
¥ side of the defining contour. Actually for the basic 10- 
7 (ay period, hemispheric charts of stability were construc- 


ted. (See, for example, fig. 1.) Furthermore, in moun- 


tinous portions of North America where the 850-mb. 
j mperature was influenced by the surface inversion, the 


apse rate near the ground was straightened to provide a 
All computations 


The mean meridional distribution of the stability as 
ibtained from the hemispherical stability chart for each 


@ (ay of the 10-day period is shown in figure 2. Appreciable 


jaily fluctuations of this value are indicated. The curves 


J 0 the right show the mean values of S and S’f-! for the 
vhole period. It will be seen that, on the average, there 
98a minimum of stability, S, at about 45°N., while the 
pwrameter S”“f-! varies but little to the north of this lati- 
tude. 


d 


Returning now to consideration of individual waves, the 
nean stability for the wave, denoted by S,,, was obtained 


4 \y taking the arithmetic mean of the values computed at 
7 Le points along the wave. 
J ‘alue of the stability was then divided by the value of the 
Boriolis parameter which corresponded to the mean lati- 
WF ude of the wave to obtain S;2f;' for each wave. 
Wralues were then tabulated against the wave lengths of 
@ be corresponding waves. Finally a correlation coefficient 
Jvas computed. This process was carried through for 
J %ch of the two sets of data described above. 


The square root of this mean 


These 


Correlation 
efficients obtained are tabulated in line one of table 1. 

It will be noted that for the hemispheric data the cor- 
tlation between L and S;2f;' is quite high (0.82) but 
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FIGURE 2.—Time sequence of mean meridional profiles of stability. The curves on the 
right show the mean meridional stability and the mean distribution of the quantity 
during the period. Sin ° C; f—22 sin sec. 


that the corresponding value drops to 0.39 for the second 
set of data taken over a limited area in or near the United 


States. 


TaBLE 1.—Correlations between wave length and stability-Coriolis 


quantities. 


L is the wave length measured linearly along the 500-mb. 


contour, S is stability factor given by equation (8) for the layer 
indicated, f is the Coriolis parameter, subscript m indicates spatial 
mean as explained in text, r is correlation coefficient 


~ United States data 
Correlated quantities 
850-500 mb, | 850-500 mb. | 700-500 mb. | 700-300 mb, 
r r r r 

0. 82 0.39 0.35 0.38 


An explanation for the sharp decrease in the correlation 
coefficient may be found in the fact that most of the waves 
of the second set of data lie in a narrow band between 
Also, in dealing with waves wholly 
within the dense network of observations in or near the 
United States an upper limit of about 60° of longitude 


37° and 42° N. 


was put on the waves. 


Thus, with the second set of data 


the investigation was restricted to short waves while the 
first set of data included longer waves as well. Further- 
more, geographic effects were largely averaged out in the 
first set of data since waves were selected at all longitudes. 
In the second set of data restricted to a narrow band of 


longitude these effects were not averaged out. 


The 


effects include orographic and land-water influences 
both of which cause the wave length and stability to vary 
(In one case @ wave pro- 


independently of each other. 


duced solely by orographic effects is possible while in the 
other case stability is significantly changed by non- 
adiabatic surface effects as well as mechanically driven 
vertical motions.) 
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In interpreting the above correlations, the question 
naturally arises whether there is a purely geometrical rela- 
tion between the linear wave length L and the latitude ¢. 
If \ is the angular wave length and 7 is the radius of the 
earth, we may write L=\R cos ¢ or L=ROFf-(d sin 2¢) 
where f, as before, is 22 sin ¢ The correlation coefficient 
between Z and f-' depends upon the quantity \ sin 2¢. 
It should be noticed that in the latitude band from 30° 
to 60° N., where the majority of the waves occurred, 
t-'X10~* varies continuously between 1.37 sec. and 0.792 
sec., while sin 2¢ varies only from 0.866 at the borders to 
1.000 at 45° N. It is conceivable that the general circu- 
lation of the selection of waves during the period exam- 
ined, could have been such that variations in the quantity 
X sin 2¢ could introduce a higher correlation than other- 
wise. However, an analysis of \ as a function of @ and 
of the selection of waves indicates that there is no basis 
for explaining the correlation coefficients as a result of 
particular circulation patterns or by the selection of waves. 
it is also possible that paucity of data in low latitudes 
leads to an unwarranted extension of high latitude troughs 
into lower latitudes with a consequent geometrical rela- 
tionship between the wave length L and (sin ¢)". A 
reconsideration of the original charts indicates that such 
a systematic southward extension of troughs did not occur 
unless supported by data in the lower latitudes. It 
appears therefore that both the variation S and f are 
important. 

It is of interest to determine the correlation coefficient 
between L and f,'. The low correlation (see line 2 of 
table 1) for the second set of data is due principally to the 
narrow band of latitude in which waves were selected and 
the consequent small variation in the value of f,. For 
the second set of data a correlation coefficient was com- 
puted between L and S,, (line 3 of table 1). 

Using the second set of data stability computations 
similar to the ones described above were made for two 
other layers, viz, 700-500 mb. and 700-300 mb. In the 
latter layer the stability was corrected at all stations 
where the tropopause was below the 300-mb. level. Cor- 
relation coefficients between L (at 500 mb.) and the sta- 
bility factors for these two layers are given in the last two 
columns of table 1. 

In all computations described thus far a single value of 
the Coriolis parameter corresponding to the mean latitude 
of the wave was used. Next, the ratio S“%f-' was com- 
puted by taking into account the value of f at each indi- 
vidual grid point. The ratios obtained for all points were 
then arithmetically averaged to give a new ratio which we 
designate as (S“f~'),,. This gives, in every case, a better 
correlation (see last line of table 1). 


STABILITY PATTERNS ASSOCIATED WITH WAVES 


In an attempt to construct a composite pattern of sta- 
bility along and across the waves at the 500-mb. level, the 
stability in the layer 850-500 mb. in each wave was 
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FiGguRE 3.—Mean distribution of the stability in the layer from 850 to 500 mb. relative 
to the mean position of the defining contour (heavy line) at the 500-mb. level. T andR 
represent trough and ridge lines, respectively. 


Fiaure 4.—Mean distribution of stability in the layer 850 mb. to 500 mb. for the cases 
considered. The heavy solid line represents the defining contour and the broken lines 
the band (A B C ¢c D d A) over which the stability was computed at the grid points 
(dots). 


evaluated at troughs, wedges, and inflection lines. The 
grids used in this evaluation are shown by the dots in 
figures 3 and 4 while the heavy line symbolizes the defining 
contour. The north-south interval between dots is 5° of 
latitude while the east-west interval is a fractional part 
of the wave length. 

Figure 3 shows the composite stability pattern for all 
waves in the first set of data. It will be seen that on the 
whole the stability is smaller at the troughs than at the 
ridges. Since data shown in figure 3 refer to the hemis- 
phere as a whole it is believed that the pattern is fairly 
representative of waves of relatively small amplitude 
(waves of large amplitude were not included). It wil 
be seen that the stability pattern is displaced somewhat 
relative to the contour pattern. It is also noted that the 
distribution of stability along the two trough lines was 
not exactly the same, because only part of the waves 
were adjacent and defined by the same contour. 

Figure 4 refers to the second set of data in the 850-500- 
mb layer. This stability pattern contrasts sharply with 
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the pattern obtained from the hemispherical data. The 
most striking feature is in the much stronger gradients 
of S when computed over a limited area of North America. 
This makes the evaluation and interpretation of mean 
values more questionable. The asymmetry of the dis- 
tribution is also much greater. The eastern part of the 
trough is more unstable and the minimum stability is 
smaller and is displaced approximately % wave length 
to the east of the western trough—all perhaps due to the 
influence of the Rockies. There is also a radical difference 
in stability pattern over the northwestern portion of 
the trough (i. e., over southeastern Canada). In this 
area the surface “‘cold source” produces a local area of 
high stability. 
CONCLUSIONS 


The results of the analysis of the hemispheric set of 
data (which should be largely free of local influences) 
appear to indicate that there is a dynamically significant 
lationship between the wave length at the 500-mb. 
level and the parameter fz". 

Over continental United States the relationship between 
the wave length at the 500-mb. level and the quantity 
S2f,' does not appear to be sufficiently strong to be of 
direct applicability in forecasting. The weakness of the 
lationship in the United States may well be due to 
strong topographic influences peculiar to the area and 
does not necessarily preclude usefulness of the relation- 
ship elsewhere. 

For the United States at least, the layer through which 
the stability is computed does not appear to be critical 
since shifting the layer did not appreciably change the 
wrrelation coefficient. 
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For the United States data, better results are obtained 
in every case by taking the appropriate value of f-' for 
each point in the grid rather than using a mean value of 
f for the entire wave. 

In evaluating the static stability, caution must be 
exercised to obtain representative values. In particular, 
it is necessary to eliminate the effects of shallow ground 
inversions. 

The results of this investigation should be regarded 
only as indications of real relationships, and further 
investigations, dealing with different types of waves, 
wider spread of amplitudes, and varying synoptic situa- 
tions would seem highly desirable. 
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EFFECTS OF ATOMIC EXPLOSIONS ON THE FREQUENCY 
OF TORNADOES IN THE UNITED STATES’ 
D. LEE HARRIS 


U. S. Weather Bureau, Washington, D. C. 
[Manuscript received December 8, 1954; revised February 3, 1955] 


ABSTRACT 


The upward trend in reported tornadoes during the past few years has led many people to suspect that atomic 


explosions are responsible for the increase. 


Because there is no known physical reason for believing that atomic 


explosions should affect the tornado frequency, the records of tornadoes and atomic explosions are examined in con- 
siderable detail to find evidence which will support or contradict this popular hypothesis. 

It is found that tornado reports have always been incomplete and that much of the recent upward trend in tornado 
frequency can be accounted for by improvements in the tornado reporting system. A comparison of the distribution 
of tornadoes and of debris from an atomic explosion in time and space does not support the hypothesis that atomic 


explosions tend to increase the tornado frequency. 


INTRODUCTION 


The 532 tornadoes reported in the United States in 1953 
exceeded the next highest yearly total of record by more 
than 200. Of the 532 tornadoes, 294 were reported be- 
tween March 17 and June 15, the period when atomic 
weapons were being tested in Nevada. The coincidence of 
this increase in the number of reported tornadoes with the 
increase in the frequency of atomic explosions in 1953 led 
many people to believe that atomic explosions caused an 
increase in tornadoes. 

Because of its importance to the success of atomic tests 
and to the transport of the radioactive debris, the weather 
during periods of atomic tests has been studied in con- 
siderable detail (Cumberledge [1], Holzman [2], and List 
[3]). Any obvious effects of the explosions on weather 
should have been revealed by these studies, but no 
evidence of any effect away from the test site was found. 

Machta and Harris [4] have investigated the possibility 
that the debris from atomic explosions might provide ice 
nuclei in regions having a natural deficiency, and thereby 
affect the rainfall regime for a short time after each atomic 
explosion; that the debris might interfere with the amount 
of solar radiation reaching the earth, and thereby change 
the temperature at the ground; or that the radioactivity of 
the debris might change the electrical properties of the 
atmosphere, and that this in turn might lead to some 
changes in the more observable weather. They found 
that none of these possibilities was likely to occur to any 
significant extent. They were unable to find any theory 
which is consistent with the known facts that would 
indicate that atomic explosions could alter the natural 
occurrence of tornadoes. 


1 Paper presented at 133d National Meeting of the American Meteorological Society 
Miami, Fla., November 17-19, 1954. 


Since the true cause of tornadoes has not been firmly 
established, the failure of any of these theories to relate 
tornado occurrence to atomic explosions, is not in itself 
conclusive. However, an examination of the available 
observational data should show whether there is any 
reliable evidence of a relation between atomic explo- 
sions and tornado occurrence. 


TORNADO RECORDS 


The number of tornadoes reported to the Weather 
Bureau during the period 1916 through 1953 is shown by 
the bars in figure 1. The solid line shows the linear 
trend of these reports based on data for the years 1921-50. 
The dashed line shows the rate of population growth as 
determined from the last four census reports. The cor- 
relation between these two lines suggests that the linear 
trend prior to 1950 may be due to factors which are 
closely related to population, but some other factor must 
be found to explain the increase since 1950. In order to 
find this, we must examine the method of collecting 
tornado statistics. 

Tornadoes are occasionally observed by Weather 
Bureau observers. More often, the first report of any 
tornado or suspected tornado comes from the public. 
Sometimes the first report is found in a newspaper account 
of the storm. Each reported tornado is investigated by @ 
meteorologist, in person if possible, but it is often necessary 
to rely on detailed reports by laymen who live in the 
vicinity of the reported storm. These investigations 
sometimes disclose sufficient information to permit 
definite identification of the storm as a tornado, or to 
show that the initial report was in error in calling the 
storm a tornado. More often the data are inconclusive, 
and it is unlikely that all meteorologists engaging in the 
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FIGURE 1.—Annual tornado frequency 1916-53, and dates of atomic explosions. Solid line shows trend based on data for 1921-50. Dashed line shows rate of population growth. 


study of tornadoes would agree on the classification of 
every storm. However, no storm can be investigated 
much less classified, unless a report of it reaches the 
Weather Bureau and thus the first requirement that any 
storm must satisfy before it can be classified as a tornado 
and appear in the statistics, is that it be reported to the 
Weather Bureau. It is unlikely that all tornadoes are 
reported, and it appears probable that the percentage of 
tornadoes reported is greater in regions of high population 
density, and that it increases with the population and with 
the effort spent to obtain complete reports. 


EFFECTS OF POPULATION DENSITY 


The hypothesis that the percentage of tornadoes re- 
ported is a function of population density is difficult to 
check because the meteorological conditions which favor 
the formation of tornadoes are not equally common over 
any large region. However, if we select a small area of 
high population, say a county, and surround this with a 
group of counties with low population density, the 


meteorological conditions should be about the same in both 
regions, so that any observed difference in reported 
tornado frequency will be due to chance occurrences or to 
the population differences. The population and tornado 
statistics ? have been examined in this way for six States 
in the tornado belt, Nebraska, Kansas, Oklahoma, lowa, 
Missouri, and Arkansas. In figure 2, the 28 counties or 
groups of counties of these six States having a population 
of 50 persons or more per square mile in 1940 are shaded. 
The outlined unshaded areas denote the surrounding 
counties with lower population densities. The average 
tornado density for the period 1921-50 is higher in the 
high-population areas in 22 of the 28 regions. A summary 
of these data is given in table 1. 


The mean difference in the tornado densities in these 
two types of area for the period 1921-50 is 0.084, and the 


2 All tornado statistics are taken from the official records of the Weather Bureau. These 
have been published in the Climatological Data, National Summary since 1950. Before 
1950, they were published in the Monthly Weather Review, or the Meteorological Yearbook. 
Many of these statistics are summarized in Technical Paper No. 20, “Tornado Occurrences 
in the United States”, U. 8. Weather Bureau, September 1952. 
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TABLE 1.—Average tornado density per 1,000 square miles per year 
as a function of population density 


1921-50 1951 1952 1953 
Counties with more than §&% persons per 
ES a SEE 0. 304 0. 234 0. 466 0. 633 
Counties with less than 50 persons per square 
. 220 . 169 267 645 


standard deviation of this mean is 0.041. The probability 
of obtaining a difference of this amount, when no true 
difference exists, is only about 0.04. Since there is no 
theoretical reason for expecting a correlation between 
tornado occurrences and population density, the true 
cause of the difference is probably the completeness or 
incompleteness with which tornadoes are reported in the 
two types of area. Since the population is not evenly dis- 
tributed throughout the high-population counties, it is 
also probable that even here tornadoes have occurred which 
were not reported. 

The data for 1951 and 1952 are also biased in the direc- 
tion of greater tornado density in the high-population 
regions. In the data for 1953, this bias disappears, sug- 
gesting that the reporting of tornadoes in rural areas may 
have caught up with that in urban areas. However, the 
tornado density was higher in the low-population areas 
in 9 of the 30 base years, and the results for a single year 
cannot be regarded as significant. 


EFFECTS OF INCREASED EFFORT TO OBTAIN REPORTS 


During World War II, at the request of defense offi- 
cials, the Weather Bureau organized a large number of 
severe local storm warning networks around military 
bases and ordnance plants. Most of these were discon- 


Figure 2.—Population density, 1940. Shading indicates a county with population of 
greater than 50 persons per square mile. 
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tinued shortly after the end of the war. However a few, 
in the most storm conscious areas of the country remained 
active from the time they were first established. 

In 1949, the Weather Bureau began to reactivate some 
of these networks and to establish others around Weather 
Bureau offices, especially those east of the Rockies. State 
and county law enforcement officers, and many other or- 
ganizations such as the Red Cross and public utility com- 
panies, as well as many private citizens were asked to 
report certain information concerning any severe local 
storms that came to their attention. The number of 
these networks was increased from 11 in January 1949 
to over 100 in January 1953, and 170 in January 1954. 

In 1953 and 1954, the Weather Bureau cooperated with 
Federal Civil Defense Officials and civic organizations in 
establishing community reporting and warning networks 
for protection from fast moving storms such as tornadoes. 
Several hundred such networks have been established, 
and all tornadoes detected by them are reported to the 
Weather Bureau. 

Developments in tornado research since 1950 have led 
to a need for an even greater improvement in the com- 
pleteness of tornado reports. In 1951, contracts were 
negotiated with private press-clipping services to increase 
the completeness of tornado reports received by the Wea- 
ther Bureau. This policy has been continued and ex- 
tended since 1951. Tepper [5] has described the workings 
of the clipping service in 1951, and only a summary will 
be given here. 


TABLE 2.—1951 monthly and annual frequency of tornado reports for 
the entire United States and for the Kansas-Oklahoma area, after 
Tepper [5] 
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The clipping service was in effect from late April through 
August 1951 for the States of Kansas and Oklahoma in the 
region of maximum tornado frequency. The efficiency of 
this service is indicated by table 2 (from [5]). It is seen 
that in Kansas and Oklahoma the number of storms 
officially designated tornadoes during the 4-month period, 
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FIGURE 3.—Number of reports of tornado funnels not reaching the ground. 


May—August, was 126 compared to a 35-year average of 
18. The number for the remainder of the country was 94 
compared to a 35-year average of 61. This amounts to 
an increase of 600 percent in the area covered by the 
clipping service as compared to an increase of only 54 
percent in the rest of the country, for the period the 
clipping service was in full operation. No other State 
having as many as 10 tornadoes during the year showed 
an increase comparable to that of Kansas and Oklahoma. 
In 1952, the clipping service covered the same area for 
the period March through August. This time the number 
of tornadoes reported in Kansas and Oklahoma was 54, or 
an increase of 116 percent over the 35-year average. The 
number reported in the remainder of the country was 160 
or an increase of 78 percent over the long-term average. 
In 1953, the clipping service was extended to the 11 
States within the heavy outline in figures 11 and 12 and 
was effective from February through August. Of the 
tornadoes in the United States in 1953, 86 percent oc- 
curred during this period so a satisfactory comparison can 
be made by considering only the annual totals. There 
were 292 tornadoes reported in the area covered by the 
clipping service compared to the 35-year average of 54. 
This amounts to an increase of 440 percent. There were 
240 reported in the 37 States not covered by the clipping 
service. The 35-year average is 91, so that this increase 


is only 160 percent. 
In 1954, the clipping service was extended to all of the 
United States east of the Rocky Mountains and a com- 
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Figure 4.—Percent of reported tornadoes not reaching the ground. 


parison between the rate of increase in the States covered 
and in the rest of the United States becomes meaningless. 

The effect of the newspaper clipping service in increas- 
int the total number of tornadoes reported to the Weather 
Bureau is obvious. However, this may not explain all 
of the increase. The advances made in tornado fore- 
casting, in tornado research, and the publication of a 
great many popular articles concerning tornadoes since 
1950, as well as the severe local storm warning networks 
mentioned above, have led to a greater interest in tor- 
nadoes among many segments of the public and this has 
led to an increase, difficult to evaluate, in the number of 
tornadoes that are reported directly to the Weather 
Bureau or to newspapers. One significant change in the 
character of tornado reports in recent years is in the 
number of reports of tornado funnels not reaching the 
ground. This is shown in figure 3. The rate of increase 
of tornado reports of this class (fig. 4) is much greater 
than the rate of increase of tornadoes doing heavy damage, 
and is believed to be an indication of the increased interest 
in tornado reporting, for it requires a greater interest 
in the subject to report a tornado of this class, than to 
report a damaging tornado. 

The possibility of an actual increase in the number of 
tornadoes cannot be neglected. The synoptic weather 
patterns during the tornado season in 1953 were similar to 
1933, the year with the maximum number of tornadoes 
before 1951, and it appears likely that 1953 would have 
been an unusual tornado year by any system of counting. 
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FicurE 6.—Distribution of tornadoes and atomic explosions, 1952. 


Although more tornadoes were reported in 1954 than in 
1953, there appears to be little reason for believing that 
1954 was an exceptionally favorable year for tornadoes. 


It is clearly established that tornado statistics were 
incomplete, at least before 1954, and that improvements 
in the methods of collecting tornado reports have been 
responsible for much of the increase in the totals reported 
since 1950. This improvement has been so great that 


it cannot be determined from an inspection of the tornado 
records, whether or not there has been any increase in the 
actual occurrence of tornadoes. 


CORRELATION BETWEEN DATES OF ATOMIC EXPLO- 
SIONS AND TORNADO OCCURRENCES 


To study the possible correlation between atomic 
explosions and tornadoes, it is necessary to consider 
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FicureE 8.—Distribution of tornadoes and atomic explosions, 1954. 


the distribution of both tornadoes and atomic debris in 
time and space. It will be recalled from figure 1 that in 
1945, the year in which the first atomic bombs were 
exploded, the number of tornadoes reported in the United 
States was well below normal. The second group of 


atomic explosions, this time in the Pacific, was conducted 
in 1946, and this year also was below normal in reported 
tornadoes. Both the intense program of atomic weapons 


testing in the United States and the rapid increase of 
tornado reports began in 1951. Therefore, only the last 
four years have been studied in detail. 

Although the total number of tornadoes reported has 
increased in recent years, due to increased emphasis on 
obtaining complete reports, this does not preclude the 
possibility that the atomic bombs may have had some 
influence on the development of tornadoes. In order to 
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FIGURE 9.—-Seasonal] distribution of tornadoes, 1951-54, compared to normal distribution and to atomic test periods. 


investigate this possibility, it is necessary to form a 
hypothesis concerning the manner in which this influence 
might be exerted. Since no evidence has been found of 
any large-scale effect of atomic explosions on weather, it 
will be assumed that the influence, if any, must be con- 
fined to the time of the explosion, or to the location of the 
radioactive cloud. The amount of radioactivity from an 
atomic explosion decreases rapidly with time, and much 
of the debris is brought to the earth within a few days after 
the explosion, therefore, any effect due to the debris must 
decrease rapidly with time. 

If atomic explosions have encouraged the formation of 
tornadoes, it is to be expected that the seasonal distribu- 
tion will have been altered in the direction of relatively 
more tornadoes during and for a while after the period 
of the atomic tests than at other times. The trend toward 
more complete tornado reporting was more or less con- 


tinuous between 1920-50 and there is little reason for’ 


believing that the reporting system was improved more in 
one month than in another. Thus, it is reasonable to 
assume that the relative seasonal distribution of tornadoes 
is better known than the total number that occur in any 
particular year. The data for 1921-50 have been used 
to determine a 30-year average (“normal seasonal dis- 
tribution’’) of tornadoes. 

Figures 5-8 show plots of the daily accumulated tornado 
reports for the years 1951-54. In order to make the re- 


ports for these later years comparable with the earlier 
years when the reporting system was less efficient, the 
scale on the right shows percent of the annual total; the 


actual number of tornadoes is given by the left hand scale. 
The “normal” distribution is given by the dashed line. 
The actual numbers for the “‘normal’’ distribution are 
given on the left hand margin in parentheses. The dates 
of all atomic explosions in the United States, and of all 
announced atomic explosions elsewhere are indicated on 
these graphs. In 1951 (fig. 5), the test periods in the 
United States were in January, February, October, and 
November, outside of the usual tornado season, and there 
is no indication that any of these explosions were associ- 
ated with tornadoes. The Pacific tests were in April and 
May and the fraction of the annual total occurring during 
this period was below normal. 

In 1952 (fig. 6), the first period of intensified tornadic 
activity occurred before the first atomic explosion, and, in 
general, an outbreak of tornadoes preceded rather than 
followed an atomic explosion. This certainly does not 
indicate a possible cause and effect relation. Again in 
1953 (fig. 7), the first two groups of tornadoes occurred 
before the first atomic explosion, and the tendency toward 
a record year was established before the atomic test pro- 
gram was begun. There is some evidence of an increase 
in the tornado frequency a few days after some of the 
atomic tests in 1953. However, in view of the large num- 
ber of tornado groups and the large number of atomic 
explosions in the spring of 1952 and 1953, this coincidence 
does not appear to be more than one might expect by 
chance. Once again in 1954 (fig. 8), the first group of 
tornadoes occurred before the first atomic explosion. 
None of the steep regions on this curve correspond to & 
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Fiacure 11.—Tornado tracks for May 1-15, 1953 (numbers indicate date) and isolines of radioactive fallout labeled in arbitrary units. A dot indicates a track too short to depict. 
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Figure 12.—Tornado tracks for May 16-31, 1953, and isolines of radioactive fallout in arbitrary units. 
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pronounced increase in the amount of fission products in 
the areas in which the tornadoes occurred. The data for 
1954 are provisional and some corrections are to be ex- 
pected in the official records. 

The above data are summarized in figure 9 which shows 
a comparison of the seasonal distribution of tornadoes in 
1951-54 by months with the average value for the period 
1921-50. The light line represents the average number 
of tornadoes for each month expressed as a percentage of 
the average annual total for the base years 1921-50. 
The heavy line gives the distribution for each month since 
1950, expressed as a percentage of the annual total. 
The 1954 tornado data were brought into this scheme by 
assuming that the ratio of the number of tornadoes in 
the first 8 months of 1954 to the total for the year, would 
be the same as the average number in the first 8 months 
to the average annual total in the base years 1921-50. 
The vertical bars indicate the periods during which atomic 
tests were conducted. These are summarized in table 3. 
Each month is regarded as a bomb month if any bombs 
were exploded during the month or during the last 3 
weeks of the previous month. 


TaBLe 3.—Departure from the normal seasonal distribution of torna- 
does in months with nuclear explosions 


Number of months above normal tornado frequency... - 7 
Number of months below normal tornado frequency ---- 6 y ll 
Accumulated percent above 12 18 


Accumulated percent below normal.._..............---- 22 36 


Actually, the amount of data involved in this table is 
too small to permit the formation of any reliable conclu- 
sions or to justify any test of significance. However, the 
evidence presented indicates that atomic explosions may 
have a tendency to inhibit the formation of tornadoes, 
and that the effect is greatest when the bombs are farthest 
away. The data certainly do not support the theory 
that atomic explosions cause tornadoes. 


GEOGRAPHICAL DISTRIBUTION 
OF TORNADOES AND ATOMIC BOMB DEBRIS 


If one could assume that the improvement in the report- 
ing system has been about the same all over the country, 
a similar study could be based on the geographical dis- 
tribution of tornadoes. However, the effort to improve 
the completeness of the reporting system between 1950-53 
was concentrated in those regions in which tornadoes are 
most common, and this coincides reasonably well with the 
regions most frequently crossed by the atomic clouds from 
Nevada. Thus, one should expect an increase in the 


relative number of tornadoes reported from these regions 
irrespective of any effects from the atomic bomb. 
Although the sparseness of the data and the known lack 
of uniformity in the records from different States prevent 
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an objective investigation of this effect, some information 
can be obtained by considering figures 10-12. Figure 
10 shows the location and track of all tornadoes reported 
in May from 1916 to 1950. Figures 11 and 12 give the 
location of all tornadoes reported in the first and last 
halves of May 1953. The isolines give the relative cumu- 
lative amount of radioactive fallout in arbitrary units 
recorded by the Weather Bureau network during the 
period of the maps. In spite of the increased coverage of 
tornado occurrences due to the press clipping service, no 
tendency for a relative increase in tornado frequency in 
those areas most affected by the bomb debris can be found 
in these figures. 

Daily maps of tornado locations have been compared 
with maps showing the movement of atomic debris for 
all atomic explosions of the past three years. These 
maps do not indicate any correlation between the loca- 
tion of tornadoes and the distribution of atomic debris. 


SUMMARY 


There has been a great increase in the reported frequency 
of tornadoes in the United States during the past few 
years. A study of the distribution of reported tornadoes 
indicates that the reports have been incomplete prior to 
1950 and may still be incomplete. However, considerable 
effort has been spent in the past few years to improve the 
completeness of these reports, and much of the trend 
toward an increase in the number of reported tornadoes 
is due to this effort. 

A study of the distribution of tornadoes and atomic 
explosions in time does not indicate any tendency for a 
relative increase in tornadoes during periods of atomic 
explosions. Furthermore, a study of the geographical 
distribution of tornadoes and the radioactive debris from 
an atomic explosion does not indicate any tendency for a 
relative increase in tornado frequency in the regions most 
affected by the atomic debris. 
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HURRICANES OF 1954 


WALTER R. DAVIS 
Weather Bureau Office, Miami, Fla. 


GENERAL SUMMARY 


A feature of the 1954 hurricane season, as in 1953 [1] 
was the pronounced meridional movement of the four 
major hurricanes, which can be seen by inspection of 
figure 1. Again as in the 1953 season, the hurricanes 
recurved northward at low latitudes, and westward move- 
ment was at a minimum, with the exception of hurricane 
Hazel during the first 5 days of its existence. A quote 
from Norton’s report [2] of 1952 is in order for the current 
season : 


The low hurricane activity was in keeping with past experience for 
summers with widespread drought over the eastern half of the United 
States. A study of drought summers during the past half century 
indicates that only about half as many hurricanes occur in them on 
the average as during normal or wet summers. This suggests that 
the general pressure distribution which causes widespread drought, 
reflects itself in lessened storm activity in the tropics as well. 


Another unusual feature of this hurricane season was 
the absence of tropical storms in Florida, Georgia, and 
the east Gulf States and the passage of three hurricanes 
through the North Atlantic States and New England. 
Considering past experience which indicates normal ex- 
pectancy of only 5 to 10 hurricanes per century in New 
England, 2 in 1 year is extraordinary. 

The hurricane season of 1954 had about the normal 
number of storms, but was abnormal in other respects. 
All except 3 out of a total of 8 storms were of hurricane 
intensity, Barbara and Gilda being of less than hurricane 
intensity. The intensity of Florence was not definitely 
determined. No storm was charted from the eastern 
Atlantic; in fact, all were charted west of longitude 65° 
W., with the exception of Hazel which had its origin be- 
tween 55° and 65° W. Three major hurricanes, Carol, 
Edna, and Dolly originated only a short distance east of 
the Bahama Islands, while Hazel, the fourth major hurri- 
cane, built up in the eastern Caribbean. Of these four, 
Carol, Edna, and Hazel played havoc with the Atlantic 


States from the Carolinas northward during the 7-week 


period from August 30 to October 15. Dolly remained at 
sea, inflicting no coastal damage. 

Hurricane Carol brushed the North Carolina coast and 
moved rapidly northward and inland into the New 
England States, causing about 60 casualties and a loss in 
excess of $460 million to property, crops, etc., in the 
North Atlantic States. No deaths were reported from 


North Carolina, and damage to that area was $227,500. 
Hurricane Edna came close on the heels of Carol, and 
all the North Atlantic area was eager to take precautions 
for the protection of life and property. Edna accounted 
for 20 casualties, mostly drownings, and over $42 million 
in damage, mainly from the Long Island area northward 
across New England. Precautionary measures were well 
in order for the populace when hurricane Hazel came 
along a month later. Hazel resulted in 20 deaths on the 
Carolina beaches and about $163 million in damage to 
the Carolina beaches and the interior of North Carolina. 
The death toll for the area along the hurricane’s path 
north of the Carolinas into the Canadian provinces of 
Quebec and Ontario was about 149 with 78 of the total in 
Canada. Damage estimates for this area total over $148 
million plus additional damage particularly in Virginia 
and New York for which figures are not available. 

Total casualties from hurricanes Alice, Carol, Edna, 
Florence, and Hazel on the North American mainland 
were approximately 311, 43 of which were in Mexico and 
78 in Canada. Total damage was likely in excess of $1 
billion. A total of 104 advisories were issued and nu- 
merous bulletins for press and radio, hoist orders, special 
orders, etc., by the forecast offices concerned. The 
service, by allowing time for protective measures, reduced 
potential casualties and damage. 


INDIVIDUAL HURRICANES 


Alice, June 24-—26.—A tropical storm developed rapidly 
in the west Gulf of Mexico on the 24th of June and by 
early on the 25th was of hurricane force. It moved inland 
south of Brownsville, Tex., early on the morning of the 
25th. A fishing camp along the Mexican coast, about 
100 miles south of Brownsville, estimated a maximum 
wind of 70 to 80 m. p. h. The storm moved up the Rio 
Grande Valley and passed over Laredo, Tex., late on the 
25th. Apparently very little damage was caused by the 
winds and tides associated with the storm and only one 
death occurred in the Brownsville area. The major 
damage and casualties resulted from the floods on the 
Pecos and lower Rio Grande, caused by the attendant 
heavy rains. Seventeen deaths were reported in Texas 
and an estimated 38 in Mexico. There was considerable 
damage to crops, principally cotton. Dollar damage is 
not available. 
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Barbara, July 28-29.—This storm formed in the north 
Gulf of Mexico off the Louisiana coast on July 28 and 
moved inland in the Vermilion Bay area early on the 
morning of the 29th. Highest wind reported was 60 
m. p. h. by the Henry M. Dawes on the afternoon of the 
28th. Some damage to crops, such as rice and corn, was 
reported from the heavy rains, but the general opinion 
was that the rains associated with the storm were far 
more beneficial than damaging. Wind damage was 
negligible. 

Carol, August 26-31.—Hurricane Carol formed from a 
weak easterly wave during the night of August 26 and the 
forenoon of the 27th near the northeastern Bahama 
Islands. After forming it moved northward to a position 
near 30° N., 76° W., where it came to a near standstill, 
but during the ensuing 3 days it drifted very slowly to 
about 32.5° N., 77.5° W. on the 30th. It then began an 
accelerating north-northeast movement and passed very 
near Cape Hatteras about 2100 or 2200 est on the 30th. 
Highest winds, estimated by reconnaissance aircraft, 
varied from 75 to 125 m. p.h. When the hurricane passed 
the North Carolina Capes, with all reporting stations on 
the weaker side, the west, highest wind speeds on land 
were gusts of 55 m. p. h. at Wilmington, 65 m. p. h. at 
Cherry Point, and 90 to 100 m. p. h. at Cape Hatteras. 
Damage in North Carolina was estimated at $227,500 
with no deaths. 

By the morning of the 31st Carol was just south of Long 
Island and moving rapidly north-northeastward. It 
crashed across the New England States diminishing as it 
swept into Canada. Highest winds were at Block Island, 
R. I., where 130 m. p. h. was measured in gusts. The 
storm left 60 dead and over $460 million damage to 
property and crops in the North Atlantic States. About 
one-third of Providence, R. I., was under 8-10 feet of 
water for several hours and many shore communities were 
demolished. 

A discussion of hurricane Carol in relation to the 
planetary wave pattern has been given by Winston [3]. 

Dolly, September 1—-2.—This sinall hurricane formed in 
an easterly wave near 26° N., 69° W., during the night of 
August 31-September 1, and by early morning of the Ist 
was near 29° N., 70° W. It moved very rapidly northward 
and northeastward and by afternoon of the 2d was east of 
Nova Scotia, reduced in force, and rapidly becoming 
extra-tropical. Strongest winds estimated by aircraft were 
around 100-115 m. p. h. on the afternoon of the Ist. This 
hurricane remained at sea and no damage was reported. 

Edna, September 6-11.—Hurricane Edna formed in an 
easterly wave on the afternoon of September 6 near 22° 
N., 70° W., and increased to hurricane intensity during 
the night. During the 7th and 8th it swept the outer 
Bahama Islands as it moved on a broad curving path 
northward. The center passed very close to San Salvador 
Island, Bahamas, late on the 7th where winds were up to 
hurricane force in gusts, but no appreciable damage re- 
sulted. High seas and gale winds were experienced on the 
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outer fringe islands northward to Great Abaco. During 
the 9th and 10th, the storm moved northward very near 
the 76th meridian and gradually turned to the north- 
northeast closely paralleling Carol’s path 11 days earlier, 
It passed just east of Cape Hatteras early in the night of 
the 10th and winds of about 75 m. p. h. were felt on the 
North Carolina Capes from Cape Lookout to Manteo. 
Thereafter, it moved rapidly northeastward and passed 
about over Cape Cod on the 11th, and thence moved into 
eastern Maine, Nova Scotia, and New Brunswick that 
night where it caused great damage and some loss of life. 
There was no loss of life in North Carolina where damage 
was minor. Damage in New England was estimated at 
over $40 million and there were 20 casualties. Strongest 
winds were estimated by aircraft at about 115 to 120 m. 
p. h. The highest wind speed over land (95 m. p. h.) 
was measured at Brookhaven National Labratory, Long 
Island. 

The meteorological conditions associated with the for- 
mation and movement of hurricane Edna have been 
analyzed by Malkin and Holzworth [4]. 

Florence, September 11-12.—-This storm formed in the 
southwestern Gulf of Mexico and moved into Mexico 
between Tuxpan and Nautla on the morning of Septem- 
ber 12. The highest wind reported by reconnaissance 
aircraft was about 65 m. p. h. The press reported 5 
dead and more than $1,500,000 damage around the oil 
center of Poza Rica, mostly to the banana crop. The 
storm was possibly of hurricane force as it hit the coast. 

Gilda, September 25-27.—Small tropical storm Gilda 
formed in the Caribbean Sea east of Cape Gracias, 
Nicaragua on September 25 and moved westward along 
the north coast of Honduras and into British Honduras 
near Stann Creek, about 60 miles south of Belize, around 
1530 est of the 27th. The storm was less than hurricane 
force throughout its life, with highest winds of 60 to 70 
m. p. h. in squalls. Damage was slight to buildings and 
no casualties resulted directly from the storm. Rainfall 
was very heavy in northern Honduras, resulting in dis- 
astrous floods, especially around San Pedro Sula, La Lima, 
and the adjacent valley areas. Press reports indicated 
29 dead and thousands homeless and marooned in the 
flooded area, and extensive damage to property and crops. 

Hazel, October 5-16.—This hurricane developed in an 
easterly wave at latitude 12° N., longitude 61.2° W., on 
October 5 at which time highest winds were estimated 
about 100 m. p.h. The hurricane passed near or slightly 
north of the island of Grenada in the Windward Islands 
and into the Caribbean Sea during the evening of the 5th. 
It continued on a west to west-northwest course until the 
night of the 9th—-10th when it slowed in forward speed and 
curved northward. During this period, the hurricane 
slowly gained in size and intensity; highest winds were 
115 m. p. h. on the 7th and 125 m. p. h. on the 8th, as 
estimated by reconnaissance aircraft. On the latter date, 
the Navy reconnaissance plane encountered severe 
turbulence and one member of the crew was severely 


ti 


<i 
f 
p 
v 
n 
il 
n 
tl 
ir 
Ww 
es 
C 
st 


DECEMBER 1954 


injured, requiring hospitalization, and another sustained 
minor injuries. 

The hurricane moved on a north-northeast course from 
the night of the 10th—11th until it passed through the 
Windward Channel and into the southeast Bahamas on 
the morning of the 13th. It changed course to north then 
to north-northwest on the 13th, continuing on that course 
until it passed inland on the North Carolina coast about 
0915 est of the 15th. 

Considerable damage and loss of life resulted in Haiti, 
especially on the southwest peninsula. This area is very 
mountainous, with peaks up to almost 8,000 feet in the 
western portion. High winds and seas and torrential 
rains resulting in floods and landslides accounted for the 
loss of life, estimated between 400 and 1,000, including 
200 or more buried in landslides. The dollar estimate of 
damage is not available. 

After passing through the Windward Channel, the 
hurricane moved northward over the island of Great 
Inagua, Bahamas, between Mayaguana and Acklin 
Islands and passed a short distance east of the remainder 
of the Bahamas. Six lives were lost, out of a total of 15 
aboard, when a sailboat capsized that was trying to take 
shelter at Inagua on a trip from Turks Island. Damage to 
property and salt mining was minor at Inagua, and only 
minor damage resulted elsewhere in the Bahamas. 

At Inagua a minimum pressure of 29.34 inches was 
recorded and a maximum wind of 40 m. p.h. The center 
passed a short distance to the east of the observing sta- 
tion; however, the comparatively light wind indicated that 
the hurricane had become distorted and the strong surface 
winds apparently deflected aloft while passing through the 
mountainous terrain bordering the Windward Channel. 
The exposure of wind instruments at Inagua is excellent, 
with no obstructions to free wind flow. 

Storm warnings were hoisted at 1100 est on the 14th 
from Charleston, S. C., northward on the Virginia Capes, 
and the remainder of the coast northward to New England 
was placed on the alert by Washington and Boston 
Weather Bureau offices. Warnings were adjusted slightly 
before the center moved inland; however, the affected area 
from Charleston northward had 24 hours warning, and of 
course, had been watching the movement of Hazel for 
several days prior to the 15th. 

During the 14th and 15th, and until the hurricane 
passed inland, the highest winds were estimated in all 
warning messages in excess of 100 m. p. h. Wilmington, 
N. C., reported a top gust of 98 m. p. h. and the fastest 
mile was 82 m. p. h. Minimum pressure there was 28.68 
inches. Myrtle Beach, S. C., reported top gusts of 106 
m. p. h. and lowest pressure of 28.47 inches. (This was 
the lowest pressure reported on land although 27.70 
inches was reported by a fishing boat at Tilgham Point 
while in the eye of the storm at 10:30 a.m. est.) Wind 
estimates from several points between Myrtle Beach and 
Cape Fear varied from 130 to 150 m. p. h. The devasta- 
tion along the North and South Carolina beaches was 
Staggering. Every pier in a distance of 170 miles of 
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coastline was demolished and whole lines of beach homes 
literally disappeared. In some places the tide was over 
17 feet higher than mean low water. 

Rainfall was heavy along and to the west of the storm 
track in North Carolina. Record 24-hour amounts 
ranged from 6.5 inches at Burlington, High Point, and 
Lexington up to 9.72 inches at Carthage, located in the 
sandhills section of the southern Piedmont. One U. S. 
Geological Survey station at Robbins, several miles north 
of Carthage, reported 11.25 inches. Rainfall in the 
eastern half of the storm was comparatively light, several 
stations reporting less than an inch. 


Total casualties in the Carolinas were 20, most of which 
were drownings. Damage to the Carolinas is estimated 
at around $163 million with $36 million from the North 
Carolina beach area, $25 million from the South Carolina 
beach area, and the remainder from crop and property 
losses in the interior. 


In the 12 hours after Hazel struck the Carolina coast it 
traveled with extreme speed on a north-northwest track, 
sometimes at 60 m. p. h. It passed through the western 
suburbs of Washington, D. C., and spun across Pennsyl- 
vania and New York into Ontario maintaining its intensity 
all the way. Peak wind speeds of 90 m. p. h. or over 
were reached near and east of the center from the Caro- 
linas through New York and a pressure 28.75 inches was 
measured at Richmond, Va. Rainfall was heavy on the 
west side of the storm—over 9 inches in western Virginia 
and over 10 inches locally in the Appalachians. Floods 
were destructive in western Pennsylvania, and in Toronto, 
Ontario, and vicinity floods took 78 lives. 

A discussion of hurricane Hazel in relation to the large- 
scale circulation has been given by Krueger [5] and a 
detailed State-by-State account of path and damage is 
presented by Seamon [6]. 
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THE WEATHER AND CIRCULATION OF DECEMBER 1954' 
A Month With a Cyclonic Polar Vortex and Fast Westerlies in High Latitudes 


ARTHUR F. KRUEGER 


Extended Forecast Section, U. S. Weather Bureau, Washington, D. C, 


SOME FEATURES OF THE HEMISPHERIC 
CIRCULATION 


During December abnormally strong westerlies pre- 
vailed at high latitudes, but at 700 mb. wind speeds were 
subnormal at middle latitudes (fig. 1). This condition 
was associated with an elongated area of below normal 
700-mb. heights extending from the Gulf of Alaska across 
the Polar basin to Greenland, and then southeastward 
into Europe, with the greatest negative anomaly (—440 
feet) located in a closed cyclonic vortex over the American 
Arctic (fig. 2). This area was surrounded by positive 
height anomalies which were for the most part centered 
north of 45° N. latitude. 

The most intense of these positive anomalies was 
situated in a strong ridge over northern Siberia, where 
heights were 490 feet above normal and sea level pressures 
were 18 mb. above normal. On the western side of this 
ridge anomalous flow from the south was strong, as indi- 
cated by the large anomaly gradient between Scandinavia 
and north-central Siberia in figure 2. This flow was 
instrumental in transporting considerable warm air from 
the vicinity of the Black Sea northward into the Russian 
Arctic, resulting in a thickness anomaly (1,000-700 mb.) 
of +260 feet (not shown) northeast of Novaya Zemlya. 
This warm air interacted with colder air in the polar 
regions, resulting in frequent cyclonic activity and large 
values of interdiurnal height variability in a belt extending 
from northern Scandinavia eastward along the northern 
coastal region of Eurasia (fig. 3). Many of these storms 
appear to have been carried eastward around the Pole 
into the American Arctic, where they contributed to the 
maintenance of large negative anomalies in the polar 
vortex. Similarly, strong westerly flow in western and 
northern Canada was accompanied by considerable cy- 
clonic activity (Chart X) and contributed to lower heights 
in the polar regions. 

Another region where heights of the 700-mb. surface 
were well below normal was the Northeast Atlantic, 
where an anomaly of —400 feet was present. Large 
values of cyclonic relative vorticity also prevailed in this 
area (fig. 4) which was located to the north of a belt of 
unusually strong westerlies (fig. 1). The storminess in 


1 See Charts I-XV following p. 390 for analyzed climatological data for the month. 


FiGuRE 1.—(A) Mean 700-mb. isotachs and (B) departure from normal wind speed (both 
in m. p. 8.) for December 1954. Solid arrow indicates position of maximum average 
westerlies. Wind speeds were as high as 8 m. p. s. above normal over the Alaskan 
Peninsula and the British Isles. 


this current was particularly intense, and caused heavy 
rains, floods, gales, and high tides in Great Britain, the 
Low Countries, France, and Germany. Many of these 
storms subsequently moved northeastward and contrib- 
uted in part to the maintenance of the deep polar vortex. 


/ 4 Ne 


Ficurg 2.—Mean 700-mb. height contours and departures from normal (both in tens of feet) for November 30-December 29, 1954. An extensive area of below normal heights accom- 
panied a closed cyclonic vortex in the Arctic. 


Despite the prevalence of large positive anomalies over 
central portions of the Atlantic and Pacific, fast westerlies 
in these regions were accompanied by large day-to-day 
fluctuations in 700-mb. height (fig. 3), indicating that these 
anomalies were reinforced by frequent perturbations from 
upstream. Maximum values of interdiurnal variability, 
however, were associated with large values of cyclonic 
vorticity (fig. 4). In general the axis of maximum inter- 
diurnal height change was a little to the south of the chan- 
nel of maximum cyclonic vorticity and a little north of the 
axis of maximum wind speed, as noted by Klein [1] in an 
early article in this series. 


Over the North American continent heights averaged 
below normal in northwestern and southeastern sectors 
and above normal over the remainder. These anomalies 
were associated with troughs over Alaska and the East 
and a ridge along the Rockies. The amplitude of this 
wave pattern was greatest (about 11° of latitude) across 
the United States and least (about 7° of latitude) in 
northern Canada. 


THE WEATHER OVER THE UNITED STATES 


Accompanying the below normal heights and sea level 
pressures over Alaska and the fast westerly flow across 
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Canada, surface temperatures averaged above normal 
throughout the Plains States, especially in the north where 
departures as great as 12° above normal were reported 
(Chart I-B). Warmest temperature departures were lo- 
cated where the strongest winds at 700 mb. crossed the 
Continental Divide, where foehn warming was at a max- 
imum. ‘Temperatures were also above normal in New 
England as a consequence of anomalous southeasterly 
flow of air from the Atlantic. 

Unseasonably cool weather in the Southeast was ac- 
companied by below normal heights and northerly anom- 
alous flow. ‘Temperatures averaged as much as 4° below 
normal in Florida as frequent cold outbreaks with below 
freezing temperatures penetrated the State. Tallahassee, 
for example, experienced 11 days on which the minimum 
temperature fell below freezing. 

Below normal temperatures prevailed in the Southwest, 
largely due to the prevalence of an abnormally strong sea 
level High over the Great Basin (Chart XI).? Actually 
the 1,000-700-mb. thickness anomaly was positive over 
this region, implying that the surface must have been 
covered by a shallow layer of cold air with warmer air 
above. As is typical in such a situation [2, 3], fog and 
cloudiness were frequent (Charts VI and VII) particularly 
in the Valley of California, and consequently the daily 
range in temperature was small. Thus cold air, because 
of its extreme stability, remained in the valleys for long 
periods until it could be scoured out by strong westerlies. 

Precipitation (Chart III) showed a tendency to exceed 
normal wherever the relative vorticity at 700 mb. was 
cyclonic, and to be deficient where it was anticyclonic. 
Thus, amounts in excess of normal occurred in the east- 
central and northeastern parts of the country, as well as 
in California, while amounts were light in much of the 
Plains States, Gulf States, and Southwest. Large values 
of cyclonic vorticity in the eastern United States trough 
extended far west of the trough line, while anticyclonic 
vorticity prevailed in the western part of the country in 
conjunction with the Basin High and ridge aloft. The 
warm, sunny, and dry weather that resulted over the 
Great Plains aggravated the drought condition by deplet- 
ing further the existing soil moisture and prepared the 
way for the soil blowing, which occurred about the middle 
of the month in parts of the Central and Southern Plains. 


FURTHER COMMENTS ON THE POLAR VORTEX 


The existence of an abnormally intense polar vortex has 
been one of the outstanding, though puzzling, features of 
the general circulation of the year 1954 [4] and especially 
of the months of February [5] and November [6]. It may 
be associated with the warming trend which has taken 
place at high latitudes during this century. According 
to Mather [7] this warming has been accompanied by 
decreased pressures in the polar region, a more intense 
Siberian High displaced northward, and stronger southerly 


2¥For a study of this anticyclone see article by Ross and Vederman in this issue. 
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FiguRE 3.—Average values of interdiurnal height variability at 700 mb. during December 
1954 (feet/day). Largest day-to-day changes occurred in the westerlies over oceanic 
areas just north of the axis of strangest wind speed. 


FIGURE 4.—Vertical component of mean relative geostrophic vorticity at 700 mb. for the 
30-day period November 30-December 29, 1954, in units of 10®sec~!. Large values of 
anticyclonic vorticity over the western part of the United States were indicative of low 
precipitation amounts during the month. 


flow across Europe. As indicated earlier these conditions 
were also present this month; but this in itself naturally 
does not necessarily imply a long period trend. 

According to Dorsey [8], low pressure and storminess are 
far from being a recent phenomenon in the Arctic. He 
points out that in the past when Arctic data were meager, 
imaginative analysts tended to draw pressures too high 
because of the belief that the Arctic must be dominated 
by high pressure. As the number of Arctic observations 
increases, there are more reports of lower pressures, and 
thus it is possible to obtain an erroneous impression of & 
secular trend. From this one would conclude that data 
currently available are quite inadequate to establish the 
reality of such a trend in Arctic pressures. 
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THE LIFE HISTORY OF A GREAT BASIN ANTICYCLONE 


An Aerological Analysis from a Hemispheric Point of View 


ROBERT B. ROSS AND JOSEPH VEDERMAN 
WBAN Analysis Center, U. S. Weather Bureau, Washington, D. C. 


INTRODUCTION 


Most of the synoptic studies in this series of articles for 
the Monthly Weather Review have been concerned with 
some aspect of cyclonic activity such as rapid deepening, 
widespread precipitation, and sudden temperature change. 
Very little has been published about anticyclones and, 
indeed, the same applies to meteorological literature in 
general. From a broader point of view the study of anti- 
cyclones deserves more attention because, as Starr [1] has 
shown anticyclones are of primary importance in provid- 
ing kinetic energy for the general circulation. 

Because the Great Basin High directly affects the wea- 
ther of the western United States and indirectly affects 
that of much of the eastern United States, it is the purpose 
of this article to (1) examine the hemispheric features of 
the circulation aloft associated with the increase and de- 
crease of the Great Basin High of December 16-24, 1954, 
and (2) explore its vertical structure, especially the varia- 
tions of the temperature and wind fields. 

According to statistics presented by Petterssen [2] the 
Great Basin area of the western United States has, in 
winter, the maximum frequency of centers of anticyclones 
and the maximum frequency of anticyclogenesis for the 
entire Northern Hemisphere. 


SURFACE SYNOPTIC FEATURES 


At 0630 emt December 16, 1954 (fig. 1) a High, which 
on the previous day was located in the Pacific Ocean near 
41° N., 139° W. with a central pressure of 1026 mb., ar- 
rived over the Northwest Pacific States with a central 
pressure of 1032 mb. It is the structure and development 
of this anticyclone that is here investigated. 

The first elements examined were the broadscale, hemi- 
spheric features of the sea level chart. An intense storm 
was located over Kamchatka. A deep trough extended 
from a Low to the north of Alaska southward to the Ha- 
waiian Islands. Ahead of this trough the low-level flow 
was from the south-to-southwest over the longitude band 
140° W.-155° W. and from latitude 25° N. to 80° N. To 
the east, troughs were located in central North America, 
along the east coast of North America, and in the Atlantic 
Ocean near 20° W. 

By 0630 amr December 19 (fig. 2), 3 days later, some 
interesting changes had taken place. Note, first, that the 


general pressure rise in the western Pacific had greatly 
weakened the Kamchatka Low. An elongated trough per- 
sisted near longitude 145° W. The strong flow from the 
south off the west coast of North America was associated 
with a remarkably intense anticyclone in western United 
States. The Great Basin High had reached its peak in- 
tensity with a central pressure near 1048 mb. According 
to Sheridan [3] a Great Basin anticyclone with central 
pressure as high as 1045 mb. occurs about once in ten 
Decembers. Comparing the surface chart of the 19th 
with that of the 16th it was found that anticyclogenesis 
had taken place over most of North America as well as off 
the coast of Newfoundland. The Low over New England 
on the 16th had filled as it moved eastward, the only rem- 
nant being the weak cyclone near 37° N., 42° W. How- 
ever, the Low over Kansas on the 16th deepened as it 
moved northeastward, with the result that a trough was 
maintained near the east coast of the United States. In- 
tense cyclogenesis had taken place in northwestern Europe 
to the north of the blocking High in southern Europe. 

Many of the features of the December 19 chart were 
also evident at 0630 emr December 22 (fig. 3). As a 
result of cyclogenesis over Japan, the Pacific High had 
moved eastward so that its axis lay near 165° W. The 
trough along 150° W. persisted but the extensive flow 
from the south ahead of it had been wiped out completely. 
This change in wind flow appeared to have weakened 
the Great Basin High sufficiently (central pressure 1033 
mb.) to allow frontal systems to enter the Northwest 
Pacific States. Cyclonic activity persisted in New 
England as did a trough off the east coast. Retro- 
gression and anticyclogenesis had given rise to a well 
developed High in the mid-Atlantic. 


Looking over the hemispheric picture, it appears that 
the development which was “ultimately” responsible 
for the weakening and breakdown of the Great Basin 
High was the cyclogenesis near the Japanese Islands. 
This shortened the wavelength in the Pacific so that the 
trough in the eastern Pacific gradually moved to the 
west coast of North America. The mechanism for the 
breakdown of the High was established at the same time 
that the High reached its peak intensity. The process 
becomes clearer on the next chart (fig. 4). 

By 0630 amr December 24 (fig. 4) little remained of the 


tal 


er- 
he 


DECEMBER 1954 


once enormous High which dominated the western United 
States for the previous week. In response to the cyclonic 
activity in the western Pacific, the Low, which on the 22d 
had been near 40° N., 147° W., had deepened and moved 
to the British Columbia coast. This produced the first 
strong push of cold air in more than a week into the western 
United States. As a result of shallow radiation inversions, 
the air near the ground in the warm sector was colder 
than the cold air from the Pacific behind the cold front. 
The ridge line had moved into central North America 
but trough conditions still dominated the east coast of 
the continent. The upstream changes had apparently 
not had time to cause much change in the circulation 
pattern of the Atlantic and western Europe. With this 
broad sketch of the sea level picture, an attempt will 
be made to interpret the changes in the Great Basin 
High in terms of what took place aloft. But first a brief 
summary of the weather. 


THE WEATHER 


During the week in which the Great Basin High 
existed, its effects on the United States weather were 
quite marked. In the Northern Plains temperatures 
averaged 15° F. or more above normal because of the 
invasion of mild Pacific air moving around the northern 
side of the High. In the southeastern United States 
temperatures ranged from 5° to 10° F. below normal as 
the trough near the east coast, both at the surface and 
aloft, brought air into the Southeast with a long 
trajectory from the north. Radiation was responsible 
for sub-zero temperatures in the Great Basin and upper 
Rocky Mountain region where surface winds were light 
and anticyclonic conditions made for dry, clear weather. 
Except for a narrow band along the Northwest Pacific 
coast, little or no precipitation fell in the western two- 
thirds of the country as the storm track was pushed far 
to the north. However, cyclonic activity dominated 
the east and precipitation was near normal in that region 
[4]. 

It may be profitable to discuss the weather in terms of 
“weather types.”” According to Blewett and Paulhus [5] 
this synoptic situation is a Bn type, of which they say, 
some of the outstanding features of the weather associated 
with the Bn winter types in the United States are: 

The stagnation of high pressure over the Great Basin throughout 
the [6 day] period brings dry weather to the Pacific Coast States, 
except for an occasional shower on the Oregon and Washington 
coasts as the fronts move in to the north. The Plateau states 
south of Montana also receive little or no precipitation. The most 


marked feature of the Bn in the central and eastern portions of the 
United States is the severe polar Canadian outbreak. .. . 


THE CIRCULATION AT THE 500-MB. LEVEL 


It may seem strange at first glance that in the discussion 
of a High covering a small portion of North America 
reference should be made to synoptic events over me 
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the Northern Hemisphere. However, the idea that 
circulation changes in one part of the hemisphere have 
important effects at great distances is not new, although 
it has received more attention in recent years. A half 
century ago Garriott [6] wrote, 

When the great continental [Siberian] high area extends westward 
over west-central Europe and the British Isles it checks the succes- 
sion of North Atlantic storms, and finally affects the rate of progres- 
sion of high and low areas over the United States. 

For several days preceding 0300 emr December 16, 
1954 (fig. 5), the 500-mb. flow was chiefly zonal with a 
series of troughs of small amplitude and short wavelength. 
But on the 16th a change took place in the basic circulation 
pattern. The zonal flow began to change to meridional 
flow ; troughs slowed down and deepened at more southerly 
latitudes while ridges built up in more northerly latitudes. 
The intensification of the ridges on December 16 was 
especially pronounced; for example, the 500-mb. heights 
rose about 800 feet in 24 hours over central Englend and 
about 1,000 feet in 24 hours along the coast of British 
Columbia. It is interesting to note that the blocking 
ridges developed simultaneously in areas separated by 
4,000 miles. Apparently the unstable westerly flow aloft 
on December 15 broke down at more than one place so 
that the effect was felt in distant portions of the hemis- 
phere at once. The process may be thought of as analo- 
gous to the change from laminar flow of water in a pipe to 
the sudden onset of turbulence all through the pipe when 
the speed of the current is increased beyond a critical 
limit. 

The presently described development is quite different 
from the case where a blocking High is set up, for example, 
in the eastern Atlantic and its effects are gradually propa- 
gated westward, first across North America and then into 
the Pacific. It is not clear what the physical mechanism 
is that causes the breakdown in the zonal flow, and no 
empirical rules are available to aid the forecaster, but 
Wexler [7] says, 

There is definite evidence that the beginning of the mechanism 
that transforms a... zonal flow pattern into a .. . meridional 
flow pattern is the appearance of a “blocking action” in some 


portion of the westerlies which effectively obstructs the normal 
eastward motion of waves in the upper westerlies. . . . 


Berggren, Bolin, and Rossby [8] suggest th- 
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FIGURE 4.—Surface weather chart for 0630 amt, December 24, 1954. 
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FicurE 3.—Surface weather chart for 0630 Gat, December 22, 1954. 
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FIGuRE 6.—500-mb. chart for 0300 amt, December 19, 1954. The greatest amplitude in the wave pattern was observed at this time 
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Ficure 5.—500-mb. chart for 0300 Gut, December 16, 1954. Contours (solid lines) are in hundreds of geopotential feet; isotherms (dashed lines), in ° C. 
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Fiaure 8.—500-mb. chart for 0300 amt, December 24, 1954. 
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FIGuRE 10.—200-mb. chart for 0300 Gmt, December 19, 1954. Maximum amplitude stage. 
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FIcuRE 9.—200-mb. chart for 0300 amt, December 16, 1954. Contours (solid lines) are in hundreds of geopotential feet; isotherms (dashed lines), in ° C at 2.5° intervals. 
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FIGURE 12.—200-mb. chart for 0300 mt, December 24, 1954. 
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FicureE 11.—200-mb. chart for 0300 Gut, December 22, 1954, 
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By 0300 amr December 19 (fig. 6) well-defined Highs 
had developed in the western United States and in the 
southern British Isles. In the Pacific a strong westerly 
flow persisted to the longitude of the stationary trough 
near 160° W.; then it was deflected northward over the 
top of the North American ridge. The difluent trough of 
the 16th had deepened and moved into eastern United 
States. The trough along the east coast on the 16th had 
filled eompletely in its northern portion, but a remnant of 
its southern portion was responsible for the cut-off Low in 
the Atlantic near 40° N., 45° W. on the 19th. The deep- 
ening of the eastern United States trough fits in with the 
results of Austin [9] who found that when a ridge intensi- 
fies over North America the next downstream trough 
intensifies 75 percent of the time. The synoptic situation, 
with two pronounced blocks, had become remarkably 
stable. The fields of strong temperature advection of the 
16th had been eliminated by the 19th. The result was 
that for the next 3 days changes in the circulation were 
very small. The North American block, of which the 
Great Basin High was a part, was similar to one of Elliott, 
Kerr, and Burke’s |10] blocking types which according to 
them has an average life of about 5 days with individual 
blocking sieges frequently lasting from 2 to 8 days. 

The anomalous nature of the flow pattern may be seen 
from the following: Heights at 500 mb. over Georgia and 
Louisiana were about 1,000 feet below the December 
normal and the same applied to an area in the Pacific near 
45° N., 155° W. But heights in the States of Washington 
and Oregon were 1,000 feet above normal and over the 
southern portion of the British Isles about 700 feet above 
normal. Similar anomalies were observed in the tempera- 
ture field. Aklavik, Canada, just north of the Arctic 
circle, had a 500-mb. temperature of —22° C. at 0030 emr 
December 19 which was 11° C. warmer than the 500-mb. 
temperature at Atlanta, Ga. (latitude 34° N.). 

Turning now to the 500-mb. chart for 0300 amr Decem- 
ber 22 (fig. 7) and looking first at the Atlantic, notice that 
the block in the eastern part of that ocean had changed 
very little in the preceding 3 days. The trough in eastern 
North America on the 19th had moved to the east coast, 
and the flow to the rear of this trough was from northwest 
as compared to flow from the north on the 19th. The 
tendency was to weaken the meridional flow. While the 
500-mb. heights were still about 600 feet greater than the 
December normal, the flow between the trough near 


155° W. and the northern portion of the North American > 


coast was from the southwest; on the 19th the flow in this 
area had been chiefly from the south. Again there was a 
trend toward zonal flow. The trough near 155° W. had 
moved very little in the past 3 days and had filled some- 
what. But in Japan a change of great significance for the 


destruction of the flow pattern had taken place. In 
northern Japan intense cyclogenesis accompanied height 
falls of 1,500 feet from the 19th to the 22d. On the 19th 
the U. S. Air Force “Buzzard” flight along the east coast 
of Japan reported 500-mb. wind speeds of 60 knots or 


MONTHLY WEATHER REVIEW 


DECEMBER 1954 


lower but on the 22d winds as strong as 170 knots were 
reported. While data are scarce over large areas of the 
Pacific, it seems reasonable to conclude that the effect of 
the deepening Japanese Low and the increase in wind 
speed was to shorten the wavelength between the troughs 
in the Pacific so that stationary conditions could no longer 
exist. Eastward progression of the troughs then took 
place. 

By 0300 amr December 24 (fig. 8) the flow pattern at 
500 mb. was chiefly zonal again and the cycle was com- 
pleted. The collapse of the meridional flow was reflected 
in (1) the weakened low-latitude Low in the Atlantic, 
the southward displacement (to near the coast of Portu- 
gal) and weakening of the blocking High, (2) the eastward 
movement and filling of the trough along the east coast of 
the United States, (3) the eastward movement of a weak 
Low from Baja California to northern Texas, (4) the 
weakening High in western North America associated 
with the movement of the east Pacific trough to near the 
west coast of North America, and (5) the movement of 
the Japanese trough to the mid-Pacific. The tempera- 
ture field also had become more nearly normal with the 
warm air in southerly latitudes and the cold air to the 
north, 


CIRCULATION NEAR THE BASE OF THE STRATOSPHERE 
(THE 200-MB. LEVEL) 


The 200-mb. level is, practically speaking, the highest 
elevation for which the flow pattern aloft can be drawn 
routinely and fairly objectively from a large number of 
upper air observations over a large part of the hemisphere. 
At higher elevations data rapidly become scarcer and less 
reliable. In addition the 200-mb. level is usually near or 
slightly above the subtropical tropopause and so roughly 
represents the conditions at the base of the stratosphere. 
In many cases the jet stream lies near the 200-mb. level. 

The 200-mb. chart for 0300 amr December 16 (fig. 9) 
showed many of the same features as the 500-mb. chart 
for the same time. The troughs and ridges sloped very 
little from the 500- to the 200-mb. level. The westerly 
jet moving across the Pacific split as it approached the 
west coast of North America, one branch continuing across 
British Columbia, the other going across southern Cali- 
fornia. Whether the split in the jet caused the block to 
be set up or vice versa is difficult to say. At 200 mb., 
troughs are usually warm and ridges cold, so one finds 
that areas of warm advection at 500 mb. are areas of cold 
advection at 200 mb. For example, the areas of marked 
cold advection in British Columbia and in the western 
Atlantic correspond to areas of warm advection at 500 mb. 


Note that to the south of the jet stream the coldest air 
occurred and that still farther to the south the air was 
warmer. Similarly, to the north of the jet there were areas 
of warm air with colder air farther north. This would 
seem to indicate that the temperature distribution is not 
entirely due to advection but is at least partly controlled 
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by the dynamics of the jet stream. Riehl [11] has shown 
that this type of temperature distribution may be ac- 
counted for by rising motion to the right of the jet (looking 
downstream) and sinking motion to the left. 

By 0300 emr December 19 (fig. 10) the jet stream had 
been distorted into waves of large amplitude. When the 
flow is mainly westerly it is frequently possible to pick 
out a polar jet stream and a subtropical jet stream at 200 
mb. However, in this case the southern portion of the 
polar jet was so far south that it was not possible to dis- 
tinguish between the two jet streams. 

The temperature gradients had diminished considerably 
over the High and the advection was very weak. The 
indicated advection was quite strong in mid-Pacific and 
in northeast United States. At 200 mb. it is almost always 
observed that the temperature fields move much more 
slowly than the winds, that is, the temperatures do not 
rise or fall as much as the advection indicates. This 
means that where cold air advection is indicated the air is 
sinking and where warm advection is indicated the air is 
rising. The peculiarly shaped warm tongue over Wash- 
ington and Oregon seems to be due to sinking motion for, 
judging from the trajectory, the air coming into that region 
should have been colder. 

Figure 11 is the 200-mb. chart for 0300 emr December 
22. The chief features of interest are the tendency for the 
jet flow to become less meridional, the weaker fields of 
advection, and the single, well defined jet over both oceans 
and the North American continent. The only reflection 
at 200 mb. of the surface High was the sharp ridge in the 
western United States. Winds from the Pacific flowing 
into this ridge were about 90 knots, too strong to make 
the sharp anticyclonic bend. These strong winds could be 
expected to overshoot the ridge then curve back into the 
Southwest and form a trough. 

In figure 12, 0300 amr December 24, the Low seen in 
New Mexico may be due to this overshooting of the 
ridge, but it may also be thought of as the Low over 
Baja California on the 22d which had moved eastward 
as the westerly flow increased at southerly latitudes. 
Probably both influences were active. 

The jet stream flow at this time was chiefly westerly 
with winds as strong as 180 knots reported in northern 
Japan. The subtropical jet became more clearly defined 
in southern Texas and along the Gulf of Mexico coast. 
Here again the coldest air is found near the jet with the 
suggestion of rising motion. 


VERTICAL CROSS-SECTIONS THROUGH THE ANTI- 
CYCLONE 


In order to throw additional light on the structure of 
the atmosphere over the High, a series of vertical cross- 
sections was prepared to show the temperature and wind 
fields and the changes in the location and intensity of the 
fronts and tropopauses. Since many of the soundings 
extended to 50 mb. it was possible to examine 95 percent 
by weight of the atmosphere above the High. The 
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cross-sections run approximately from north to south 
from Aklavik, Canada, to Tucson, Ariz. The isotachs 
are drawn for the total wind speed—not for the west 
wind component as is frequently done. 

At 0300 emr December 16 (fig. 13) a front from the 
Pacific had brought a deep cold air mass over Spokane 
and Boise with temperatures near —25° C. at 550 mb. 
The subtropical tropopause seems to have been pulled 
down to about 270 mb. over this cold air. A shallow 
Arctic front was observed over the northernmost stations. 
As is usual, a lower polar tropopause (near 400 mb.) 
existed over the Arctic air at Aklavik. 

A northerly jet existed over Spokane with wind speeds 
of 115 knots. Even though the isotherms in the cross- 
section were nearly horizontal over the High, which was 
centered near Spokane, the atmosphere was not baro- 
tropic. An east-west cross-section would show a large 
temperature gradient along the isobaric surfaces over the 
High. This temperature field was associated with the 
increasing northerly wind with height. When the High 
first appeared over the continent the atmosphere above 
it was baroclinic but it soon became barotropic, as will 
be seen on the next chart. 

The cross-section for 0300 cmr December 19 (fig. 14) 
shows that warm tropical air had invaded the troposphere to 
the south of Fort Nelson. Clearskies had led to pronounced 
radiation inversions near the ground in the warm air. 
The frontal boundaries between the Arctic, polar, and 
tropical air masses were well defined in the northern 
section of the chart. It is interesting to note the baro- 
tropic character of the warm airmass—the isotherms were 
very nearly horizontal in the troposphere all the way from 
Tucson (latitude 32° N.) to Fort Nelson (latitude 59° N.). 
The winds varied little with elevation in the warm air; at 
Boise, for example, the wind at 700 mb. was 7 knots 
from 50° and at 50 mb., 13 knots from 60°. The wind 
observations clearly show that the anticyclonic circulation 
existed up to at least 25 mb. (25 km.) for the wind at 
that level at a point about 250 miles northwest of Aklavik 
was 95 knots from 240°, while at Las Vegas it was 33 
knots from 60°. The Great Basin High extended at 
least as far above the subtropical tropopause as it did 
below it; the anticyclonic whirl extended from the ground 
up through at least 98 percent (by weight) of the 
atmosphere. 

The highest level for which it was possible to draw 
contours and isotherms based on a fairly large number of 
wind, temperature, and height observations (or extra- 
polated heights) for most of North America, was the 50- 
mb. level (21 km.). At this level (fig. 17) the anticyclonic 
circulation was quite prominent in the West with the 
center over the State of Washington, only slightly dis- 
placed from the surface center. 

As shown in figure 14, a double tropopause existed over 
the tropical air. The lower one (between 200 and 250 
mb.) may be identified with the tropopause at approxi- 
mately the same height on the 16th. The lower, sub- 
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FicureE 14.—Cross-section at 0300 GMT, December 19, 1954, 
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FIGURE 17.—50-mb. chart for 0300 Gut, December 19, 1954. Contours (solid lines) are in hundreds of geopotential feet; isotherms (dashed lines), in ° C. 


tropical tropopause was more clearly defined and had a 
potential temperature near 335° A. The upper tropo- 
pause, which lay near 120 mb., had a potential tem- 
perature of about 385° A., and the characteristics of the 
typical tropical tropopause. It is not clear why a double 
tropopause should exist in the warm air, and one cannot 
even be sure that the second tropopause formed between 
the 16th and the 19th, for several soundings in the southern 
part of the cross-section for the former day did not reach 
high levels. 

The wind maximum, about 100 knots from southwest, 
had moved a considerable distance northward and to a 
lower elevation, that is, to the northernmost stations, 
where the atmosphere was decidedly baroclinic. 

On the cross-section for 0300 emr December 22 (fig. 15) 
the shallow layer of Arctic air appeared in the lower 
layers of the Aklavik and Norman Wells soundings. But 
the maritime polar front had pushed southward to near 
Spokane in a deep layer. The jet stream with a wind 
maximum of 110 knots, also had advanced southward 
with the front. Both tropopauses were still clearly de- 
fined above the warm air and only slight changes in eleva- 
tion had taken place. However, the subtropical tropo- 
pause had risen somewhat in advance of the ground posi- 


tion of the front and had lowered over the deepest cold 
tropospheric air. This seems to imply rising motion near 
the tropopause in the former region and sinking motion 
in the latter. 

At this time the surface position of the High was near 
Boise. The barotropic structure of the High and almost 
vertical slope of its axis is shown by the nearly horizontal 
isotherms over the station, the slight variation in wind 
with height, and the very weak wind at almost all eleva- 
tions. For example, the wind at 50 mb. at Boise was 
from 20° at 5 knots. 

The cross-section for the 24th (fig. 16) contains much 
the same information as that for the 22d. The cold mari- 
time air had continued to push southward as had the jet. 
However, the maritime polar cold front had become more 
diffuse and the height difference between the polar and 
subtropical tropopauses was less than on the 22d. The 
double tropopause structure still existed over the warm 
air. 

It may be interesting to note that the temperature con- 
trast, even as high as the 50-mb. level, was quite com- 
parable to that at 700 mb.; for example, at 50 mb. Las 
Vegas was 24° C. colder than Norman Wells, while at 
700 mb. Las Vegas was 27° C. warmer. However, at the 


954 DECEMBER 1954 MO 

~ “oN \ 


390 MONTHLY WEATHER REVIEW Drcemuen 1954 


lower elevations most of the temperature contrast was 
concentrated in a narrower band of latitude. 
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be Chart I. A. Average Temperature (’F.) at Surface, December 1954. 
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B. Departure of Average Temperature from Normal (°F.), December 1954. 
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A. Based on reports from 800 Weather Bureau and cooperative stations. The monthly average is half the sum of the monthly 


average maximum and monthly average minimum, which are the average of the daily maxima and daily minima, respectively. 
B. Normal average monthly temperatures are computed for Weather Bureau stations having at least 10 years of record. 
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Chart III. A. Departure of Precipitation from Normal (Inches), December 1954. 


B. Percentage of Normal Precipitation, December 1954. 


Normal monthly precipitation amounts are computed for stations having at least 10 years of record. 
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Chart V. A. Percentage of Normal Snowfall, December 1954. 


B. Depth of Snow on Ground (Inches). 7:30 a. m. E.S.T., December 28, 1954. 
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A. Amount of normal monthly snowfall is computed for Weather Bureau stations having at least !0 years of record. 
B. Shows depth currently on ground at 7:30 a.m. E.S.T., of the Tuesday nearest the end of the month. It is based on reports 
from Weather Bureau and cooperative stations. Dashed line shows greatest southern extent of snowcover during month. 
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Chart VI. A. Percentage of Sky Cover Between Sunrise and Sunset, December 1954. 
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B. Percentage of Normal Sky Cover Between Sunrise and Sunset, December 1954. 
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A. In addition to cloudiness, sky cover includes obscuration of the sky by fog, smoke, snow, etc. Chart based on 
visual observations made hourly at Weather Bureau stations and averaged over the month. B. Computations 
of normal amount of sky cover are made for stations having at least 10 years of record. 
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Chart VII. A. Percentage of Possible Sunshine, | December 1954. 


B. Percentage of Normal Sunshine, December 1954. 


A. Computed from total number of hours of observed sunshine in relation to total number of possible hours of 
sunshine during month. B. Normals are computed for stations having at least 10 years of record. 


| 
* 
3 
| 4 
2 
| 
160-160 


R. 


December 19 


161 


LXXXII 


| 
: | | 
* 
0 | | 
é | 
\ | 
i 
~~ 
vorsenyeg Y 
ote 
{ ™ 
va 
j 
ct 
4 
A 
sel 
| | 
Os) 
< ; | 
} 
or 
ort 
“Sr 
r | 
| 
— 


‘PS6I yequieseq Arreq ebeisay 
[PWION JO ehejusc1eg “PGGT 1equieseq ‘esnyIq + jo A[teq 


/ 


LXXXII—16 


M. W. R. 


December 1954. 


‘papnyaul JO SANOY FZ Pay Uap! aq P[NOD AjuQ Mau 
Ul aul] payseqY “uUMOYsS poliad JO saaenbg Ajznoy-g $30] 
0} ainssaid ‘mojaq aanSy “| “Wi “B OF: L Jo uorjzisod sazBdIpUl 


Or 09 y « 00z ) ) 
} 
Of ’ ot 
eA 
“4 j \ 
06 
af 


820 620 
rs vas 


¥. 
gre SE 


eeg ye jo jo SHORTT, HeYD 


; 
\% \ \ > 
| > / é & Ad ¥ {| 
} 3 > P / 
Ne 


R 

— | 
| 
| 

| 

| 

| 

| 

| 


Ar 
UUL 


02 


Ol 6 0 00 99 00S O ( 
— OT 006 008 004 009 00S OOE COI 0 OS 


} 


M. W. 


5 


December 19 


163 


LXXXII 


1equieseg veg je SeUOIDAD jo jo “K 


j = ( { | 


‘OPGT 0} vyep ajajduiod ysour Jo savak OZ ( GEGT-GERT) OY} UO peseq B Ul 
t 40J puv psooaa Jo savak Buiavy suonyeys poynduwiod aie sansseig ay} wes sem szulod Malq 
; 
einjyredeq 
Al SNOIWWA iv SI WA 40 | 
008 004 OO 0S OOF OOE 00Z OS | 
| 
| 
} 
» ov 
0 
| 06 | 
| 
| 
% 
\ one) 
d 
4 
= |} 
~4. 


jO einjiedeq ‘jesul “PGGT 1equieseq puP (‘quI) einsselg [eAeT Peg HeYD 


| 
| 


M. W. R. 


December 1954. 


16 


LXXXII 


‘a[Bos UO PUIM Squvq puImM 7B SUIMBA UO pad UL UMOYS 


t ) 40S of Os 34 O01 OS! OOF 
5 4 ‘ ol 2 Sz LE OS Sé OS! 
Ob 
Ge 
. | 
e6 
B3YNSS3Y¥d ILNVLSNOO | 
GNIM | 
009 00S OOE 002 COI O OS OO! 
| 
\ t J \ 
| 
| 
| 
| 
\ 
J 
| 
| 
| 
| 
j \ 


v 


$9 


‘PS6T OOST SPUTM JUP}[NSeY pue “quI OGE je ‘OD, Ul eHeleay ‘eorying 


UO peads PULM azBdIPUI Squeq SULMBA UO paseq pet UI UMOYS 


= 
= 
| 
j 
| 
S30VIUNS LNVLSNOO 
GNIM 
009 00S OOF COI TOE 0! 
0 
oJ 
06 
10d 
| 
= J 
iD lov 
: = | 
+ 


eINsselg “GUI-OOL oy} jo StuleUAP = “UI'd'H UI eHeIeAY 


| 
| 
| 
| 
i 
5 


JAOJNVag oy} UO pUIM Squeq UO paseq pad Ul UMOYS 


t + 
= 
| 
| 
5 
LNVLSNOO 
31V9OS ANIM 
SNOINVA iv SZ AW 4 3799S 
009 00S OOF COI O OS OO! 
v 
3 Day ouvanvis 
10d 
at 
‘PS6T OOOS SPUTM JUP}NSeY pue “quI OOS ‘DO. Ul eHeieay ‘eorping 


| 


| 0012 78 uO paseq Ul UMOYS SPUIA BPUOSOIPB4 UO SULIGYJOS! PUB Saul; 4NOPUO) 
‘ 
++ SP 
iv SI WH 40 | 
206 004 009 00S OOP COI OS OO! | 
| 
+ 
| 
00S 
| | 
A 
= 
\ 
v 
= 
| 
| 


Ul) OOO'OT SPUTM pue “qQuI OOE ‘DO. Ul ‘aorying 


tg 

i 

4 

4 

e 


‘ 


PUBLICATIONS OF THE U.S. WEATHER BUREAU 


(Continued from inside front cover) 


WEEELY WEATHER AND CROP BULLETIN 


Issued on Wednesday of each week, the bulletin covers the weather of the week and its effects on crops and farm 
activities, Short reports from individual States are supplemented by maps of average temperature and total precipita- 
tion. In the winter months a chart of snow depth is included. Subscription: Annual, Domestic $3, Foreign $4; 10¢ 
per copy. For period December through March: Domestic $1, Foreign $1.50. 


THE DAILY WEATHER MAP 


Printed and distributed daily from Washington, D.C. This map consists of a 24’’ x 19’’ sheet on which is printed 
a large map of the United States showing the surface weather conditions as of 1:30 a. m. EST and 2 sma!) maps of 
North America, one showing the surface analysis, the other the 500 mb. analysis at the 1:30 p. m. EST previous to 
the large map. Precipitation areas and amounts, and high and low temperatures for the 24 hours previous to the 
large map are also given. Occasionally short descriptive articles on some phase of applied meteorology or the Bureau's 
work are printed on the map back, Annual subseription: $7.20; 60¢ per month. 


AVERAGE MONTHLY WEATHER RESUME AND OUTLOOK 


A semimonthly publication presenting for the coming 30 days by means of charts the expected patterns of average 
temperature and precipitation over the United States and the average atmospheric circulation patterns for the same 30- 
day period, Also given are corresponding charts for the past 0-day period showing the observed averages. A brief 
description of expected conditions is included. These charts are best suited for use where a general picture of future 
conditions over a wide area is needed. They should be used in conjunction with the short-term forecasts issued by the 
nearest Weather Bureau Office. Subscription price: $4.80 per year, $2.40 for 6 months (minimum subscription accepted). 


RESEARCH PAPERS 


The research paper series and the technical oe series described below are not periodicals, They are issued at 
uregular intervals as the material becomes available. Each Research Paper is a report of original research in which 
at least part of the answer to a specific meteorological problem has been worked out and is presented as a contribution 
to knowledge of the weather. ‘Thirty-six have so far been issued covering such subjects as precipitation forecasting 
for the TVA basin, the artificial production of precipitation, the application of the hydraulic analogy to atmospheric 
flow problems, etc. Prices vary, 


TECHNICAL PAPERS 


This series contains compilations of meteorological and climatological data on such topics as temperatures in the 
upper air, daily total solar and sky radiation, thunderstorm days in the United States, normal maps for the Northern 
emisphere, etc. Twenty-four have been issued so far. Prices vary. 
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